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Introduction 


This  project  is  the  initial  phase  of  a three  year  study  to  map  and 
analyze  the  geographic  distribution  of  cancer  mortality  in  Illinois,  with 
special  attention  to  associations  between  cancer  mortality  rates  and  ambient 
exposures  to  industrial  carcinogen  emissions.  Fxanding  for  the  subsequent 
phases  of  the  project  is  currently  pending. 

The  main  focus  of  the  project  is  to  examine  the  variation  of  certain 
site  specific  cancer  mortality  rates  and  exposure  levels  to  industrial 
carcinogens.  In  a typical  study,  the  area  around  a major  industrial  source 
of  carcinogens  is  mapped  into  two  or  three  tracts  based  on  exposure  to 
the  carcinogen (s) . It  is  planned  in  future  studies  to  perform  the  mapping, 
using  ground  level  monitoring  and  calculations  with  dispersion  models  and 
emissions  data.  For  the  two  areas  included  in  the  initial  phase  of  the  project 
exposure  tracts  were  mapped  on  the  basis  of  proximity  to  industrial  source 
and  E.P.A.  ground  level  monitoring  of  criteria  pollutants. 

For  each  area  studied,  age  adjusted  mortality  rates  for  cancers  of 
certain  sites  were  (will  be)  computed  using  death  certificates  from  the  period 
1969-1977.  The  Mantel-Haenszel  modification  of  the  chi  square  was  (will  be) 
used  to  test  the  significance  of  the  difference  of  the  mortality  rates. 

Industrial  sources  were  (will  be)  selected  on  the  basis  of  type  and 
quantity  of  carcinogen  emitted,  availability  of  emission  information,  and 
size  of  population  exposed.  Major  sources  considered  were:  steel  mills 

with  coke  ovens,  petroleum  refineries,  metal  smelters,  incinerators,  and 
chemical  plants.  Major  carcinogens  considered  included  polycyclic  and 
aromatic  hydrocarbons  (PAH),  bezene,  arsenic,  cadmium,  vinyl  chloride.  The 
main  criterion  for  choice  of  site  is  the  ability  to  detect  the  predicted 
number  of  excess  cancers. 
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A major  aim  of  the  preliminary  project  was  to  develop  methodology  for 
the  remainder  of  the  project.  Particular  attention  was  paid  to  the  problems 
of  site  selection  and  sample  size  determination.  Two  full  studies  were 
performed  during  the  preliminary  project,  and  their  results  are  presented 
in  this  report.  These  preliminary  studies  were  limited  by  the  fact  that 
tracts  were  drawn  on  the  basis  of  distance  from  source,  and  ground  level 
readings  on  criteria  pollutants.  They  cannot  be  expected  to  reflect  ambient 
concentrations  with  the  same  degree  of  accuracy  as  if  dispersion  models  had 
been  available. 

Because  many  teratogenic  substances  have  also  been  shown  to  be  carcino- 
genic in  animals , and  because  some  epidemologic  evidence  has  associated 
exposure  to  carcinogens  with  excess  rates  of  birth  defects,  we  have  included 
preliminary  investigations  on  congenital  malformation  in  this  project.  The 
investigations  on  congenital  malformations  parallel  those  on  cancer.  Because 
of  the  much  shorter  latent  period  for  congenital  malformations,  it  is  possible 
that  results  from  this  part  of  the  study  will  be  less  confounded  by  such 
factors  as  geographic  mobility  than  the  study  on  cancer  mortality. 

A second  aim  of  the  project  is  to  examine  associations  between  cancer 
mortality  rates  and  possible  etiological  factors.  Pearson  correlation 
coefficients  were  computed  between  selected  cancer  morality  rates  by  county, 
and  possible  etiologic  factors  including:  concentration  of  certain  industries, 

sunlight,  population  density,  and  mean  income.  Additionally,  congenital 
malformation  rates  were  included  in  this  study.  Continuation  of  these  analyses 
with  more  recent  data  is  planned  for  the  remainder  of  the  project. 
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A third  aim  of  the  study  was  to  update  the  Illinois  cancer  xnap. 

County  rates  for  cancers  of  a number  of  sites  were  computed  for  the 
period  1970-1977.  Those  were  compared  to  the  rates  for  the  period 
1950-1969  which  have  already  been  published. 

II.  Background 

Striking  geographic  variations  in  the  distribution  of  cancer  in- 
cidence and  mortality  have  been  demonstrated  by  several  studies.^ 

These  geographic  differences  in  cancer  risk  may  be  quite  localized, 

extending  to  the  county  level  or  lower,  and  often  are  of  considerable 

2 

magnitude  at  this  level.  Compeurisions  between  the  10%  of  counties  with 
the  highest  rates  and  the  10%  with  the  lowest  rates  often  give  ratios 
exceeding  three  for  specific  cancer  types. ^ Such  differences  are  found 
in  Illinois  with  three  counties  in  the  highest  decile  for  toted  cancer 
rate  for  females,  compared  with  much  lower  rates  in  much  of  the  state. 

Large  differences  in  cancer  risk  were  also  found  in  Illinois  for  several 
specific  cancer  types  for  both  sexes. 

The  urban-rual  factor  is  strongly  associated  with  differences 
in  cancer  rates. ^ For  most  cancer  types,  the  ratio  of  the  mortality  rate 
in  urban  counties  to  that  in  rural  counties  is  greater  than  one,  and 
in  many  cases  is  above  two.  The  urban-rural  differences  cannot  be  accounted 
for  only  by  differences  in  smoking. Several  factors  may  be  considered 
which  could  account  for  both  the  general  geographic  differences  and  these 
urban-rural  differences  in  cancer  risk,  including  exposure  to  environmental 
carcinogens  in  the  workplace  and/or  in  the  community  from  air  and/or 
water  pollution.  Further  analyses  of  the  geographic  distribution  of  cancer 
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by  county  have  shown  associations  between  elevated  cancer  mortality  rates 
and  the  presence  of  certain  industries  including  paper  manufacturing,  chemical, 

Q IT 

petroleum,  metal  refining,  and  transportation.  ' Cancer  sites  with  elevated 
mortality  rates  included  lung,  nasopharynx,  stomach,  bladder,  liver,  rectum, 
testes,  and  skin.  However,  these  county  by  county  studies  cannot  determine 
whether  these  elevated  rates  are  due  to  occupational  or  community  exposure 
to  carcinogens. 

Air  pollutant  level  has  been  found  to  be  related  to  lung  cancer  risk 
X2 

by  several  studies.  ' These  increased  risks  have  been  related  to  exposure 
to- benzo (a)pyrene  (BaP) , polycyclic  and  aromatic  hydrocarbons  (PAH),  and 
heavy  metals.  These  increased  risks  have  been  found  in  both  neighborhood 
by  neighborhood  studies  and  regression  studies  on  a state  basis.  In  some 
cases  where  cigarette  smoking  levels  were  controlled,  the  strong  association 
between  lung  cancer  mortality  and  smoking  remained.  In  none  of  these  studies 
was  occupation  controlled  or  considered. 

Many  workers  in  the  United  States  are  at  high  risk  for  cancer  due  to 
their  occupational  exposures . A recent  report  estimated  that  up  to  40% 
of  all  cancers  occiiring  in  the  United  States  are  related  to  occupational 
exposures. Many  of  the  industries  associated  with  increased  cancer  rates 
due  to  occupational  exposure  also  expose  commtinity  residents  to  carcinogens 
emitted  into  the  air  and  water.  U.S.  Environmental  Protection  Agency  (EPA) 
estimates  indicate  that  the  community  exposures  may  be  substantial  in  many 
cases . 

Several  Illinois  counties  have  highly  elevated  rates  for  specific 
types  of  cancer.^  Strong  correlations  between  the  prevalence  of  industry 
and  mortality  rates  for  certain  cancer  types  have  been  found  in  Illinois.^ 
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Especially  notable  was  the  correlation  of  the  metal  industry  concentration 
with  male  lung  cancer  morality.  Substantial  environmental  exposure  to 
BaP,  benzene,  cadmium,  and  arsenic  occurs  in  many  areas  of  Illinois.  Much 
of  the  exposure  occurs  in  the  Illinois  counties  with  higher  cancer  rates. 

Another  possible  effect  of  exposure  to  industrial  pollutants  is  an 
increased  risk  of  congenital  malformations.  Some  occupational  exposures  have 
been  linked  to  increased  risk  of  congenital  mal formations , and 
on  the  basis  of  animal  studies  many  more  carcinogens  have  demonstrated  the 
potential  to  increase  this  risk.  Very  little  is  known  about  the  effects  of 
environmental  pollution  from  industrial  sources  on  the  community  rates  of 
congenital  malformations.  Potentially  this  effect  could  be  substantial  and 
should  be  manifest  without  the  long  latency  period  required  for  cancer. 

Ill . Rationale 

The  studies  described  above  suggest  that  carcinogens  emitted  from 
major  industrial  sources  contribute  to  the  excess  regional  cancer  mortality. 
However,  because  of  inherent  limitations  they  have  not  established  a causal 
relation  between  the  cancer  mortality  excess  and  emissions  of  industrial 
carcinogens , nor  have  they  been  able  to  establish  the  magnitude  of  the 
hypothesized  effect.  Limitations  and  problems  common  to  many  of  these 
studies  include : 

(a)  No  discrimination  is  made  between  residents  of  a county  living  in 
close  proximity  to  an  industrial  source,  and  residents  in  the  same  county 
living  far  away,  aad  likewise  no  consideration  is  taken  of  persons  living 
near  the  source  in  adjacent  counties. 
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(b)  No  quantitative  determinations  of  exposure  to  carcinogens  are  made. 

(c)  No  attempt  is  made  to  discriminate  between  the  effects  of  community 
e?q>osure , and  possible  confounding  factors  such  as  occupational  expos^lre 
and  smoking. 

This  study  was  designed  to  contribute  to  making  a more  precise  determination 
of  the  relation  between  residential  proximity  to  major  industrial  carcinogens 
sovirces,  airborne  levels  of  selected  major  carcinogens,  and  regional  cancer 
mortality  rates  by  using  emissions  and  monitoring  data  from  Illinois.  It 
was  designed  as  a preliminary  study  which  would  develop  methodology,  and  for 
overcoming  some  of  the  limitations  of  the  studies  described  above,  as  well 
as  test  the  feasibility  of  a more  extensive  study,  and  produce  initial  results. 

IV.  Report  on  Accomplishments  to  Date 

A.  Epidemiological  Study  on  Cancer  Mortality 
i.  Site  Selection 

Three  sites  in  the  vicinity  of  major  carcinogen  sources  have  been 
selected  as  the  first  three  study  areas.  The  sites  were  selected  and  divided 
into  exposure  tracts  on  the  basis  of  emissions  data  on  sources^^  and  ground 
level  monitoring  data  , as  the  dispersion  model  program  was  not  yet  available. 

The  sites  are:  a.  a region  in  the  Granite  City  area  in  the  vicinity  of  a 

major  steel  mill  and  coke  plant;  b.  a region  in  the  Sauget  area  in  the 
vicinity  of  a major  chemical  plant,  and  a smelter;  c.  a region  in  southern 
Cook  County  in  the  vicinity  of  several  major  steel  plants,  foundries,  and 
chemical  plants.  Figures  I and  II,  and  Tables  I to  III  contain  relevant 
data  on  sites  and  a and  b. 

Additionally,  as  part  of  the  site  selection  procedure,  calculations 
were  performed  to  estimate  the  number  of  excess  cancers  expected  from  exposure 
to  carcinogens  from  certain  industrial  sources.  Such  calculations  are  necessary 
in  order  to  maximize  the  chances  of  finding  excess  cancers,  and  to  insure  that 
the  study  has  a reasonable  chance  of  succeeding. 


6 


FIGURE  I 

AinJOTATED  MAP  OF  MADISON  COUNTY,  ILLINOIS,  SHOWING  EXPOGUrvE  TRACTS  FOR  SITE  OriE 


FIGURE  1 (cont.'d) 

LEGEND  FOR  f^lADISON  COUNTY 

Inserts  on  map  indicate  location  of  county  within  the  state  of  Illinois, 
and  location  of  township  tracts  within  tlie  covin ty.  The  high  exposure  area 
is  Nameoki  township,  middle  exposure  is  Collinsville  township  and  low 
exposure  is  Edwardsville  township. 

MADISON  COUNTY  INDUSTRIES 


NUMBER 

CITY INDUSTRY ON  MAP 

Granite  City  A.  O.  Smith  1 

Archer  Daniels  Midland  2 

Bulk  Services  Corp.  3 

Granite  City  Steel  4 

Granite  City  WWTP  5 

Hoeffken  Bros.  Inc.  6 

International  Mill  7 

Nesco  Steel  Barrel  8 

Nestle  9 

N L Industry  10 

Reeves  Concrete  Products  11 

Reilly  Tar  & Chemicals'  12 

Tri-City  Reclaimation  District  13 
Jennison-Wright  14 

American  Steel  Foundry  15 

Collinsville  Mclair  Asphalt  16 


SIC 


CODE 

TYPE  OF  INDUSTRY 

3714 

2041 

Motor  vehicle  parts 
Flour  and  mill  products 

3312 

Blast  furnace  and  Steel  mill 

3491 

2099 

3341 

Metal  barrels 
Food  preparations 
Secondary  nonferrous 

2814 

Chemical  and  allied  products 

2491 

3493 

2951 

Wood  preserving 
Steel  springs 
Paving  mixtures 

I 

i 

( 

i 

! 
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MADISON  COUNTY  MONITORING  STATIONS  X977 

1977  AMBIENT  METAL 

SULFUR  DIOXIDE  CONCENTRATION 

TOTAL  SUSPENDED  PARTICULATES  (PARTS  PER  MILLION)  (yg/m^)^ 
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FIGURE  II.  ANNOTATED  MAP  OF  ST.  CLAIR  COUNTY,  ILLINOIS,  SHOWING  EXPOSURE  TRACTS  FOR  SITE 


FIGURE  II  (cont,'d) 

L1-^G1JNI)  FOH  map  of  ST.  CLATK  COUNTY 

Inserts  on  map  indicate  location  of  county  within  the  state  of  Illinois, 
and  location  of  tov/nship  tracts  within  county.  The  higli  exposure  area 
^ includes  Centreville  and  Canteen  townships;  the  low  exposure  area  inciudes 
Stookey,  St.  Clair  and  Caseyville  tov/nships. 


ST,.  CLAIR  COUNTY  INDUSTRIES 

TY  industry NUMBER  ON  MAP  SIC  CODE TYPE  OF  INDUSTRY 


Sauget 

Amay  Zinc 

1 

3341 

Secondary  nonferrous  metals 

Cerro  Copper  & Brass 

2 

Midwest  Rubber 

3 

3069 

Fabricated  rubber  products 

Mobil  Oil 

4 

Monsanto 

5 

2818 

Industrial  organic  cliemicals 

Sterling  Steel  Cast 

6 

3312 

Blast  furnace,  steel  mills 

Edwin  Cooper 

7 

2911 

Petrolexjm  refining 

Cahokia  Power  Plant 

8 

4911 

Electric  companies 

3.  St.  Louis 

Allied  Mills 

9 

« 

E.’  St.  Louis  Cast 

10 

3321 

Gray  iron  foundry 

H.  H.  Hall 

11 

3271 

Concrete  Blocks 

Hunter  Packing 

12 

2011 

Meat  packing 

Obear  Nestor  Glass 

13 

3221 

Glass  containers 

Pfizer 

14 

2812 

Alkalies  & Chlorine 

Prestressed  Slabs 

15 

St.  Louis  Grain  Elevator 

16 

Fairmont 

Allied  Chemicals 

17 

2833 

Medicinals  and  botanicals 

E.  St.  Louis  Works 

18 

2833 

Medicinals  and  botanicals 

Swift  Chemical 

19 

2871 

Fertilizers 

Caseyville 

H.  H.  Hall 

20 

1611 

Road  Construction 

National  City 

Swift  Fresh  Meat 

21 

2031 

Canned/cured  sea  food 

U.  S.  Steel  (Agri-Chemical)  22 

• 

Cahokia 

Phillips  Pipeline 

23 

2911 

Petroleum  refining 

Reese  Construction 

24 

2951 

Paints  and  allied  products 

Belleville 

High  School 

25 

Carling  Brewing 

26 

2082 

Malt  liquors 

Excelsior  Foundry 

27 

Peerless  Enamel 

28 

3731 

Household  cooking  equipment 

Richland  Foundry 

29 

3321 

Gray  iron  foundry 

Roesch  Enamel 

30 

3461  . 

Metal  stampings 

Swansea 

Hoeffman  Bros. 

31 

3272 

Concrete  products 
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TABLE  III.  DEMOGRAPHIC  DATA  ON  TEST  SITES 
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Source;  Reference  32 


In  Tables  IV  and  V we  present  the  results  of  these  calculations  for 
areas  in  the  vicinity  of  two  Illinois  steel  mills  with  coke  plants.  The 
dose-response  curves  were  estimated  from  three  different  epidemiological 
studies.  In  two  of  the  studies  the  relationship  was  based  on  exposure  to 
BaP  alone,  while  in  the  third  it  was  based  on  exposure  to  BaP  and  As. 

Exposure  levels  were  based  on  ground  level  monitoring^l , population  data 
are  from  the  U.S.  EPA,^^  and  the  conversion  factor  between  BaP  and  total 
suspended  particulates  was  estimated  from  EPA  data^^.  The  tables  show 
that  the  predicted  excess  cancer  deaths  are  well  within  a range  that  should 
be  readily  detectable  in  epidemiological  studies.  They  also  show  that 
the  predicted  excesses  are  relatively  similar  for  all  three  extrapolation 
procedures,  varying  only  within  a factor  of  two. 

Preliminary  calcuations  have  also  been  performed  for  other  sites,  and 
carcinogens.  Because  of  the  wide  variations  in  predicted  excess  cancers 
between  extrapolation  techniques , we  have  not  published  these  results , but 
are  still  investigating  the  calculations. 

Another  calculation  was  performed  to  estimate  the  detectability  of 
various  percent  increases  in  cancer  mortality  for  tracts  of  various  sized 
(TABLE  VI) . The  increase  figures  indicated  by  an  asterisk  are  more  than 
twice  the  standard  deviation  of  the  background  cancer  deaths  (assuming  the 
measured  number  is  sampled  from  a Poisson  distribution) . Such  excesses 
differ  significantly  from  the  background  with  P<.05  and  therefore  are  likely 
to  be  detected.  The  results  indicate  that  for  population  of  the  order  of 
100,000  significant  differences  between  tracts  are  likely  to  be  detected  for 
percent  excesses  of  30%  or  more  for  a range  of  cancer  types. 
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TABLE  IV 


PREDICTED  EXCESS  LUNG  CANCERS  DUE  TO  EXPOSURE  TO  BENZO (A) PYRENE  FROM  AND 
ARSENIC'FROM  COkE  "PLANT  ■IN~GRANITE“^m 


MALE  POPULATION 
DISTANCE  FROM  WITHIN  GIVEN 
COKE  OVEN  (KM)  DISTANCE 


EXPECTED  LUNG 
CRNCERS  (10 
YRS)  WITHIN 
GIVEN  DISTANCE 


EXCESS  LUITG  CANCERS  (10  years  ) 
WITHIN  GIVEN  DISTANCE 
PREDICTED  BY  GIVEN  MODEL^ 
STOCKS  CARNOW  MENCK 


1.0 

1122 

4.40 

3.27 

2.20 

8.80 

3.0 

16,360 

64.20 

28.57 

17.15 

68.70 

7.0 

39,805 

156.19- 

46.07 

26.35 

105.40 

15.0 

392,203 

1539.00 

163.48 

95.49 

381.76 

®Three  models 

were  used  to 

calculate  excess 

lung  cancer 

based  on 

epidemiological 

data. 


-Stocks  measured  pollutxon  and  cancer  mortalxty  for  26  commxanxties 
in  Britian.  These  data  were  used  to  develop  a regression  equation 
of  the  form  C = a + xB  + YA  + 2BA  were  C is  the  male  lung  cancer 
mortcuLity  per  100,000;  a. is  the  base  lung  cancer  rate;  B is  the 
benzo  (a) pyrene  exposure  in  ng/m^ , A is  the  arsenic  exposure  in 
ng/m^;  and  x,y,z  are  constant  from  the  regression  analysis. 

-Camow  and  Meier^^  used  regression  models  of  lung  cancer  and  BaP 
data  on  a state  by  state  basis. 

-Menck,  et  al^^  .studied  lung  cancer  data  by  tract.  - 
Camow  and  Meier. 


Benzo  (a)  Pyrene  and  Arsenic  levels  were  estimated  from  ambient  data  from 
the  Illinois  EPA21,22  and  the  USEPa24 

Population  data  are  from  USEPa24 
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TABLE  V 


PREDICTED  EXCESS  LUNG  CANCERS  DUE  TO  EXPOSURE -TO  BEN20 (A) PYRENE 
COKE  PLANT  AT  INTERLAKE  STEEL > CHICAGO  ~~  ~ 


AND  ARSENIC  FROM 


DISTANCE  FROM 
COKE  OVEN  (Km) 


MALE  POPULATION 
WITHIN  GIVEN 
DISTANCE 


EXPECTED  LUNG 
CANCERS  ( 10 
YRS)  WITHIN 
GIVEN  DISTANCE 


EXCESS  LUNG  CANCERS  (10  yrs) 
WITHIN  GIVEN  DISTANCE 
PREDICTED  BY  GIVEN  MODEL^ 

STOCKS  CARNOW  MENCK 


0.5 

414 

1.62 

1.16 

0.65 

2.59 

1.0 

4068 

15.96 

8.02 

3.88 

15.50 

o 

f 

33,190 

130.24 

41.48 

15.30 

61.21 

7.0 

157,314 

617.30 

137.14 

44.53 

178.11 

15.0 

733,843 

2879.60 

372.85 

101.19 

404.74 

^Three  models  were  used  to  calculate  excess  Img  cancers  based  on  epidemiological 
data. 

23  * 

- Stocks  measured  pollution  and  cancer  mortality  for  26  communities  in 
Britain.  These  data  were  used  to  develop  a regression  equation  of  the 
form  C = a + xB  +yA  + 2BA  were  C is  the  male  lung  cancer  mortality  per 
100,000;  a is  the  base  lung  cancer  rate;  B is  the  benzo (a) pyrene  exposure 
in  ng/m^;  A is  the  arsenic  exposure  in  mg/m^;  and  x,y,z  are  constants  from 
the  regression  analysis. 

- Camow  and  Meie;^®  used  regression  models  of  lung  cancer  and  BaP  data  on 
a state  by  state  basis 

- Menck,  studied  lung  cancer  data  by  tract. 


Benzq (a) Pyrene  and  Arsenic  levels  were  estimated  from  ambient  data  from  the  Illinois 
EPA^^  and  the  USEPA^*^ 

24 

Population  data  are  from  USEPA 
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TABLE  VI:  NUMBER  OF  EXCESS  CANCERS  FOR  GIVEN  POPULATIONS  AND  RATES  OF  EXCESS 


10  YR  EXCESS  # OF  CANCERS 

EXP  (*=  OUT.  95%  LIMIT) 

POPULATION  ILLINOIS  CANCER 


CANCER  SITE 

SEX 

IN  THOUSANDS 

RATE 

# 

SD 

10% 

30% 

50% 

100% 

1 Lung (162, 163) 

M 

25 

39.24 

49.1 

7.01 

4.9 

14.7* 

24.6* 

49.1* 

2 

100 

196.2 

14.01 

19.6 

58.9* 

98. 1* 

196.2* 

3 

200 

392.4 

19.81 

39.2* 

117.7* 

196.2* 

390.4* 

4 

F 

25 

6.52 

8.2 

2.86 

0.8 

2.5 

4.1 

8.  2* 

5 

100 

32.6 

5.71 

3.3 

9.8 

16.3* 

32.6* 

6 

200 

65.2 

8.07 

6.5 

19.6* 

32.6* 

65.2* 

7 Bladder (181) 

M 

25 

7.53 

9.4 

3.07 

0.9 

2.8 

4.7 

9.4* 

8 

100 

37.  7 

6.14 

3.8 

11.  3 

18.9* 

37.7* 

9 

200 

75.3 

8.68 

7.5 

22.6* 

37.7* 

75.3* 

10 

F 

25 

2.50 

3.1 

1.76 

0.  3 

0.9 

1.6 

3. 1 

11. 

100 

12.5 

3.54 

1.3 

3.8 

6.3 

12.5* 

12 

200 

25.0 

5.00 

2.5 

7.5 

12.5* 

25.0* 

13  Esophagus (150) 

M 

25 

5.20 

6.6 

2.57 

0.7 

2.0 

3.3 

6.6* 

14 

100 

26.3 

5.13 

2.6 

7.9 

13.2* 

26.3* 

15 

200 

52.6 

7.25 

5.3 

15.8* 

26.3* 

52.6* 

16 

F 

25 

.98 

1.2 

1.10 

0.1 

0.4 

0.6 

1.2 

17 

100 

4.9 

2.21 

0.5 

1.5 

2.5 

4.9* 

18 

200 

9.8 

3.13 

1.0 

2.9 

4.9 

9.8* 

19  Stomach  ( 151) 

M 

25 

16.72 

20.9 

4.57 

2.1 

6.3 

10.5* 

20.9* 

20 

100 

83.6 

9.14 

8.  4 

25.1* 

41.8* 

83.6* 

21 

200 

167.2 

12.93 

16.7 

50.2* 

83.6* 

167.2* 

22 

F 

25 

8.48 

10.6 

3.26 

1.1 

3.2 

5.3 

10.6* 

22 

100 

42.4 

6.51 

4.2 

12.7 

21.  2* 

42.4* 

24 

200 

84.8 

9.21 

8.5 

25.4 

42.4* 

84.8* 

a Source:  Reference  2 ; Rates  are  per  100,000  population  per  year 


17 


2 . Mortality  Rates  in  Study  Areas 


Names  of  all  persons  dying  from  certain  cancer  types  between 
1969  and  1977  in  Madison  and  St.  Clair  counties  were  obtained  from  Illinois 
State  death  tapes. Death  certificates  for  these  persons  were  obtained  and 
a computer  data  base  was  constructed  including  for  each  decedent;  age, 
tract  of  residence  at  death  (within  study  areas) , race,  sex,  and  type  of 
cancer.  Additionally,  population  data  were  collected  for  all  tracts  in  the 
study  area,  and  stored  on  computer  data  base. 

Age  adjusted  cancer  mortality  rates  were  computed  for  each 
study  tract  from  these  data.  Mortality  rates  were  computed  for  race,  and  sex 

category,  and  for  all  categories  combined.  Additionally  the  Mantel-Haenszel 
test  for  combined  data  from  four  fold  tables  were  performed  to  check  the 

significance  of  the  difference  in  the  mortality  notes.  The  results  of  these 
computations  are  presented  in  Tables  VII  to  3CVT. 
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CANCER  MORTALITY  DATA  TABLE  ANNOTATION 


These  tables  contain  age  adjusted  cancer  mortality  rates  for  high, 
medium,  and  low  exposure  tracts  for  the  study  areas  in  Madison,  and 
St.  Clair  counties.  These  rates  are  age  adjusted  to  the  1970  U.S. 
population.  These  data  should  be  considered  preliminary  for  the  following 
reasons : 

1.  mechanical  checks  on  the  computation  methods  are  still  being 
performed ; 

2.  updates  on  the  population  are  being  made  to  take  into  account 
population  shifts  which  occurred  after  1970; 

3.  tract  boundaries  are  being  redrawn  using  computations  of 
ambient  pollutant  levels  made  with  dispersion  models. 

The  significance  levels  for  a chi  square  test  with  one  degree  of 
freedom  are  as  follows: 

p = .05;  chi  square  = 3.84 
p = .01;  chi  square  = 6.63 
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TABLE  VII  GRANITE  CITY  CANCER  DEATHS  FOR  1969-1977,  HIGH  AND  LOW  TRACTS 
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aDeath  rates  are  per  100,000  population  per  year 


The  results  for  the  Granite  City  area  tend  to  support  the  hypothesis 
that  increased  expsoure  to  carcinogens  leads  to  higher  cancer  mortality 
rates.  The  relative  risk  (for  the  high  exposure  tract  to  the  low 
exposure  tract)  was  greater  than  1 for  the  cancers  most  likely  to  be 
associated  with  exposure  to  PAH  (esophagus,  stomach,  respiratory) 
for  all  categories  of  persons  (with  the  exception  being  cancer  of  the 
esophagus  for  blacks  where  only  three  deaths  were  recorded) , The  size 
of  the  relative  risk  varied  from  slightly  over  1 to  over  7.  The  Mantel- 
Haenszel  chi  square  test  was  significant  in  several  cases. 

For  all  types  in  the  study  combined,  the  cancer  rate  was  very  slightly 
higher  in  the  low  exposure  tract.  Our  initial  hypothesis  is  that  an 
outmigration  from  the  high  exposure  tract  produced  apparently  higher 
rates  for  cancers  not  strongly  associated  with  exposure  to  air  pollution, 
while  for  those  with  a strong  air  pollution  effect,  the  excess  cancer 
mortality  overwhelmed  the  outmigration  effect.  Fxirther  study  is  needed 
of  census  data,  as  well  as  possible  followup  interviews  to  investigate 
this  hypothesis.  Also  the  tracts  should  be  remapped  using  pollution  levels 
based  on  dispersion  model  calculations  or  groxind  level  monitoring. 

In  the  Sauget  area  relative  risks  were  computed  for  the  high  tract 
versus  the  medivun  and  low  tracts.  With  a few  exceptions,  the  relative 
risks  were  less  than  one  even  for  cancers  associated  with  exposures 
to  air  pollutants.  Possible  explanations  for  these  results  include 
outmigrations  from  the  high  exposure  tract,  and  poor  correlation  between 
tracts  and  actual  exposure  levels.  Further  study  is  required  in  the 
area  as  in  the  first  study  area. 
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B.  Factors  in  Cancer  Mortcility  Study 


1,  Correlations  of  Mortality  Rates  With  Industrial  Concentration 

Pecurson  correlation  tests  on  the  association  between  cancer  mortality 

rate  (1950-1969)  and  industry  concentration  (as  measured  by  percent  of 
workforce  employed  in  the  industry)  were  run  for  all  Illinois  counties 
for  several  Ccincer  types  and  industry  types.  The  results  are  presented 
in  Table  XVII. 

Significant  positive  correlations  were  found  only  with  metal 
industry  concentration.  Most  of  the  cancer  mortality  rates  considered 
showed  significant  correlations  with  the  metal  industry.  The  highest 
correlations,  .408,  was  found  with  male  bladder  cancer. 

2.  Correlation  of  Mortality  Rates  with  Selected  Etiological  Factors 

For  selected  counties  and  groups  of  co\inties,  Pearson  correlation 

tests  were  performed  on  the  associations  between  certain  site  specific  cancer 
mortality  rates  and  a number  of  demographic,  climatic,  pollutant,  and 
industrial  factors  previously  suspected  or  shown  to  be  associated  with 
cancer  mortality.  This  calculation  has  been  performed  with  mortality 
data  from  the  period  1950  to  1969,  and  will  be  updated  when  the  later 
mortality  data  are  tabulated.  The  results  are  presented  in  Table  XVIII. 

Factors  that  showed  significantly  high  correlations  with  a number 
of  cancer  mortality  rates  included:  \irbanization , median  income,  mean 

level  of  TSP , sulfur  oxides , and  value  added  in  the  chemical , metal , 
and  petroleum  industries.  Cancer  types  whch  generally  showed  the  highest 
correlations  included:  lung,  bladder,  esophagus,  stomach,  and  female 

breast. 

Generally  a cancer  type  showing  high  correlations  with  one  category 
of  variables  (e.g. , demographic)  showed  high  correlations  with  other 
categories  of  variable  (e.g.,  pollutant  variables,  and  industrialization  variables). 
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TABLE  XVIII  CORRr.nATTON  OF  VARIOUS  CANCER  AND  M/^LFORMATION  RyATKS  WITH  A NUMBER  OF  ETIOLOGICAL  FACTORS^  (By  County  in  Illinois) 

CORRELATION  TESTS 
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TABLE  XVIII  (con. 't) 


A.  INDUSTRIAL  COUNTIES  (TREATED  INDIVIDUALLY) 


B. RURAL  COUNTIES 


Cook 

Kane 

Lake 

DtiPage 

Will 

St.  Clair 

Madison 

Peoria 

Tazewell 

Kankakee 

LaSalle 

Rock  Island 

Vermillion 

Whiteside 

Henry 


Group  1 

Group  7 

Calhoun 

Macoupin 

Jersey 

Bond 

Greene 

Clinton 

Macoupin 

Pike 

Scott 

Monroe 

Group  2 

Schuylen 

Mason 

Hancock 

Brown 

Fulton 

Group  3 

Gallatin 

Hamilton 

White 

Lawrence 

Wayne 

Edwards 

Richland 

Group  4 

Franklin 

Jefferson 

Clay 

Jasper 

Group  5 

Clinton 

Bond 

Fayette 

Shelby 

Moultrie 

Cumberland 

Group  6 

DeWitt 

Piatt 

Douglas 

Edgar 

Shelby 

Moultrie 
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This  fact  suggests  that  some  of  the  correlations  may  be  spurious,  and 
that  further  analyses  should  be  performed  to  try  to  separate  the  real 
from  the  spurious  correlations. 

C.  Congenital  Malformation  Study 

1.  Relation  of  Malformation  Rates  to  Carcinogenic  Exposure 

In  preliminary  studies,  we  have  examined  two  heavily  industricilized 

areas  in  southern  Illinois  for  rates  of  all  congenital  malformations. 

A wide  range  of  major  sources  of  industrial  carcinogens  have  been  located 
in  these  areas,  and  adjacent  high  and  low  exposure  tracts  were  mapped 
based  on  Illinois  Enviroixmental  Protection  Agency  ground  level  monitoring 
data  on  total  suspended  particulates  (TSP)  cind  arsenic.  Rates  of 
congenital  malformations  in  these  areas  were  computed  using  birth 
tapes  and  certificates.  Preliminary  analysis,  using  the  Mantel-Haenszel 
chi-square  test,  indicates  that  in  one  of  the  study  eureas  (Granite 
City) , statistically  significant  increased  incidences  of  congential  mal- 
formations were  found  in  the  high  compared  to  the  low  exposure 
tract.  For  nine  of  ten  malformations  categories,  the  malformation 
rates  were  higher  in  the  higher  expsoure  tract,  and  the  difference 
in  rates  for  total  malformations  was  significant  at  the  P=.05  level. 

In  the  other  study  area  (Sauget  City) , preliminary  analysis  revealed 
no  consistent  difference  between  the  high  and  low  exposure  tracts. 

The  results  are  presented  in  Tables  XIX  and  XX. 

2.  Correlation  Analyses 

Pearson  correlations  were  performed  between  congenital  malformation 
rates  (for  1974  and  1975  separately) , and  a number  of  possible  etiological 
factors  on  county  basis  for  Illinois.  The  same  industrial  counties  and 
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TABLE  XIX  Sauqet  City  Birth  Defects  For  1968-1977,  High  and  Medium  + Low  Exposure  Tracts 
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sets  of  niral  counties  were  used  as  in  the  similar  analyses  on  cancer 
mortality  rates.  The  only  high,  significant  correlation  was  with  density 
of  chemical  industry  as  measxired  by  fraction  of  the  workforce  employed 
in  the  industry.  The  results  of  the  analyses  appear  in  Table  XVIII. 

Additionally,  Pearson  correlation  analyses  were  performed  between 
congenital  malformation  rates  Cfor  1974  and  1975  separately)  and  cancer 
mortality  rates  (for  the  period  1950-1969)  for  a number  of  cancer  types. 
The  correlations  were  performed  on  a county  basis  using  data  from  all 
102  counties  in  Illinois.  The  results  are  presented  in  Table  XXI.  Signi- 
ficant correlations  were  found  only  with  male  lung  cancer,  and  female 
pancreatic  cancer. 

D.  Cancer  Map  Update 

We  have  computed  age  adjusted  cancer  mortality  rates  for  all 
Illinois  counties  for  the  period  1970-1977.  Selected  rates  for  selected 
counties  are  presented  in  Table  XXII  along  with  rates  for  the  period 
1950  to  1969  as  a comparision.  The  new  rates  are  age  adjusted  to  the 
U.S.  population  for  the  1970,  while  the  1950  to  1969  rates  are  age 
adjusted  to  the  1960  U.S.  population.  Table  XXIII  lists  the  highest 
five  counties  in  Illinois  for  cancer  of  a number  of  sites. 
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TABLE  XXII-  AGE  ADJUSTED  CANCER  DEATH  RATES  FOR  SELECTED  COUNTIES  IN 

ILLINIOS,  ADJUSTED  TO  1970  U.S.  POPULATION,  (white  pop,  only) 


COUNTY  RESPIRATORY  STOMACH  BREAST  BLADDER 


COOK 

male;  61.09  11.31  — 

female:  17.69  7.65  35.75 


7.80 

2.81 


GRUNDY 

male:  44.82 


0.0 


0.0 


female:  23.40 


0.0 


39.33 


0.0 


LAKE 

male;  61.20 

female:  18.57 


8.87 

5.09  37.87 


9.11 

1.71 


ST.CLAIR 

male:  70.47 

female;  18.03 


6.05  - 7.08 

5.52  32.66  1.85 


WILL 

male;  61.53 

female;  12.09 


8.41  - 4.49 

5.31  36.44  4.15 


STATE  TOTAL 

male:  61.11 

female:  15.13 


8.31  - 6.24 

5.20  32.20  2.12 


MELANOMA 


1.64 

1.19 


0.0 

0.0 


2.10 

1.17 


0.0 

0.0 


0.0 

0.0 


1.00 

0.65 
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TABLE  XXIII  AGE- ADJUSTED  CANCER  DEATH  RATES  (PER  100,000  PER  YEAR)  FOR  TOP 


FIVE  COUNTIES.  BY  RANK  1970-77  (WHITE  POP.  ONLY) 


STOMACH 


MALE: 

STATE  TOTAL 

8.31 

FEMALE: 

STATE  TOTAL 

5. 

1. 

Moultrie 

14.88 

1. 

Kendall 

9. 

2. 

Shelby 

12.49 

2. 

Jefferson 

9. 

3. 

Cumberland 

12.21 

3. 

Rock  Is . 

8. 

4. 

Cook 

11.31 

4. 

Cass 

8. 

respiratory 

5. 

LaSalle 

11.01 

5. 

Cook 

7. 

MALE: 

STATE  TOTAL 

61.11 

FEMALE: 

STATE  TOTAL 

15. 

1. 

Alexander 

100.44 

. 

1. 

Fayette 

26. 

2. 

Pulaski 

85.03 

2. 

Christian 

21. 

3. 

Marion 

84.73 

3. 

Coles 

20. 

4. 

Williamson 

81.12 

4. 

Dupage 

19. 

5. 

Ford 

80.82 

5. 

Lake 

18. 

BREAST 

FEMALE: 

STATE  TOTAL 

33. 

1. 

Ogle 

53. 

2. 

Boone 

84. 

3. 

Shelby 

43. 

4. 

Warren 

81. 

5. 

Monroe 

80. 

JUDDER 

MALE: 

STATE  TOTAL 

6.24 

FEMALE: 

STATE  TOTAL 

2. 

1. 

Gallatin 

18.01 

1. 

Iroquois 

9. 

2. 

Kane 

10.48 

2. 

Ford 

9. 

3. 

Marshall 

10.35 

3. 

Logan 

4. 

4. 

Lake 

9.11 

4. 

Will 

4. 

5. 

McHenry 

9.08 

5. 

Saline 

3. 

20 

03 

88 

61 

46 

65 

31 

47 

74 

05 

05 

57 

20 

08 

86 

66 

66 

22 

12 

23 

16 

77 

15 

86 
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CANCER  MORTALITY  DATA  TABLE  ANNOTATION 


(Supplement  to  Geographic  Distribution  of  Cancer  in  Illinois  report) 

These  tables  contain  age  adjusted  cancer  mortality  rates  for  high, 
medium,  and  low  exposure  tracts  for  the  study  areas  in  Madison,  and 
St.  Clair  counties.  The  rates  are  age  adjusted  to  the  1970  U.S.  Population. 
These  data  should  be  considered  preliminary  for  the  following  reasons: 

1.  mechanical  checks  on  the  computation  methods  are  still  being  performed; 

2.  updates  on  the  populations  are  being  made  to  take  into  account  population 
shifts  which  occurred  after  1970;  3.  tract  boundaries  are  being  redrawn 
using  computations  of  ambient  pollutant^ levels  made  with  dispersion  models. 
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rate  is  per  100,000  population  per  year 
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Death  rate  is  per  100,000  population  per  year 
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GRANITE  CITY  CANCER  DEATHS  FOR  1969-1977,  HIGH  AND  LOW  AREAS 
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